The ultrastructure of the spermatozoon of a species in the marine gastrotrich genus Lepidodasys is described. The Wliform cell is composed of a cork-screw acrosome, a long single mitochondrion surrounded by a helical nucleus, and a Xagellum with a 9 £ 2 + 2 axonemal arrangement. The structure of the sperm of this species from Denmark appears closely similar to those of the other two species of Lepidodasys studied so far from Italy and Florida (US). Peculiar features (cylindrical nucleus, absence of a periaxonemal sheath) place this genus far from the others in the family Lepidodasyidae. The absence of synapomorphies between Lepidodasys and other genera of Lepidodasyidae suggests that the family is polyphyletic. The sperm ultrastructure fully Wts the species of Lepidodasys into the marine order Macrodasyida, with the sperm ground plan of which its sperm shares a number of details.
Introduction
Gastrotrichs are aquatic, microscopic invertebrates, freeliving in periphytic, benthic and interstitial habitats. Of the about 700 known gastrotrich species, 240 belong to the marine order Macrodasyida, which includes 6 families and 30 genera. There are still uncertainties about the evolutionary relationships of these taxa, since literature data are still insuYcient and often incomplete. In the last years some phylogenetic reconstructions, based on characters from both body anatomy and spermatozoon ultrastructure, as well as ones from 18S rRNA gene sequences, have outlined some possible scenarios of the intra-phyletic relationships, in particular within the order Macrodasyida Litvaitis 2000, 2001; Todaro et al. 2003 Todaro et al. , 2006 Manylov et al. 2004; Marotta et al. 2005) .
The family Lepidodasyidae (Macrodasyida) includes seven genera quite diVerent in morphology and biology, and is considered as polyphyletic by Hochberg and Litvaitis (2001) and Marotta et al. (2005) . In particular, Lepidodasys, despite it is the type genus of the family, diVers from the other genera for a number of morphological characters: the complexity of the cuticle, the presence of Y-cells containing myoWlaments, the non-striated pharyngeal myo-epithelium, the absence of circular musculature in the lateral body regions and the lack of pharyngeal pores (Rieger and Rieger 1977; Ruppert 1978) . Even the ultrastructure of the mature spermatozoon diVers in showing a ribbon-like nucleus, and in lacking any accessory structure around the axoneme (Guidi et al. 2004; Marotta et al. 2005) .
Several recent studies have shown that gastrotrich spermatozoa are species-speciWc, and are useful phylogenetic characters (Balsamo et al. 1998; Balsamo and Todaro 2002; Guidi et al. 2003a Guidi et al. , b, 2004 Marotta et al. 2005 previously examined has prompted us to observe its spermatozoa for integrating the available data on the genus.
Methods
A single, adult specimen of an unidentiWed species of Lepidodasys was extracted from a sample of marine sediment collected in March 1976 in Kattegat at Ellekilde Hage, N-W oV Elsinore (Denmark) (Lat. 56°05Ј83ЉN and Long. 12°30Ј01ЉE). The sample was Wxed in toto with a trialdehyde Wxative mixture (Kalt and Tandler 1971) , slightly modiWed for arthropod tissues (Lake 1973) , and consisting of 2.9% glutaraldehyde, 2.0% formaldehyde, 1.25% acrolein and 2.6% dimethyl sulphoxide (DMSO) in 0.1M sodium cacodylate buVer at pH 7.4. The trialdehyde Wxation was prepared according to the modiWed technique by Kristensen (1976) for tardigrades, which strongly adhere to the sediment. The whole sediment sample was bulk Wxed in trialdehyde for 2 h, thereafter the decanted supernatant was transferred to sucrose buVer with sodium cacodylate. The animal was sorted out in the sucrose buVer and thereafter postWxed in 1% osmium tetroxide (adjusted to pH 7.4 with 0.1M sodium cacodylate buVer) for one hour at 20°C. After Wxation, the animal was dehydrated in an ethanol series, transferred to propylene oxide, and Wnally embedded in c Cross-section of the apical acrosomal region. d Longitudinal section of the basal region of the acrosome containing material organized into irregular vesicles (arrow). e Longitudinal section of the basal acrosomal region and of the nuclear base. f Cross-section of the basal region of the acrosome. g Longitudinal section of the nucleus-mitochondrion complex: the spiralized nucleus (n) surrounds the mitochondrion (arrows). h Longitudinal section of the 'connecting piece' (arrow head) lying in a cavity at the nuclear base. The mitochondrion is also visible (arrows). i Oblique and crosssection of the nucleus surrounding the mitochondrion (m). j Small electron-transparent spaces (s) with various size are regularly arranged into the condensed chromatin along the whole nuclear length. k Crosssection of the Xagellum. l Schematic reconstruction of the mature spermatozoon resin type Taab 812 (Epon 812). Ultrathin sections were cut with a diamond knife and stained with a saturated solution of 50% uranyl acetate in alcohol, followed by lead citrate solution (Reynold 1963) . Sections were observed under a Jeol 100 SX transmission electron microscope.
Results
The mature spermatozoon of Lepidodasys sp. is a long and Wliform cell, composed of an elongate acrosome, a nucleus surrounding a single mitochondrion, and a tail (Fig. 1l) . The acrosome is composed of two distinct regions. The apical one is cork-screw shaped, made up of 3-5 coils, and is at least 2 m in length and 0.14 m in diameter of (Fig. 1a-c) ; it is Wlled with a very electron-dense material. The basal region has a rod-like shape, and measures about 3 m in length; its diameter, 0.34 m, greatly decreases just at the transition to the apical region (Fig. 1b, d-f ). It encloses numerous, large, and irregular vesicles with diVerent diameters, tightly piled to each other containing a moderately electron-dense material. The ribbon-like nucleus, at least 10 m long, has a constant diameter, 0,5 m, from the basal part to the apical one. It is a helix wounding a single, long, thin and twisted mitochondrion (Fig. 1g-j) . Its condensed chromatin shows numerous small electron-transparent spaces that have various size and are regularly arranged along the whole nuclear length (Fig. 1j) .
A very elongated 'connecting piece', which links the nucleus to the Xagellum, is located into a deep hollow at the nucleus base (0.45 m long) (Fig. 1h) . It consists of a conical structure with the apex oriented towards the nucleus and the base towards the Xagellum. The connecting piece is joined to the nuclear membrane through some scattered Wlaments. The tail, 0.3 m in diameter, contains a conventional 9 £ 2 + 2 axoneme but no accessory structure (Fig. 1h, k) .
Discussion and conclusions
The Wliform cell shape of the spermatozoon, the cork-screw shaped acrosome, the helical nucleus surrounding an axial mitochondrion, and the 9 £ 2 + 2 axonemal arrangement strictly agree with the basic plan described for the sperm of the species of the order Macrodasyida (Ferraguti and Balsamo 1995; Guidi et al. 2004) .
The speciWc morphology of the spermatozoon of the Danish species agrees with that of the male gametes of the other two species of Lepidodasys studied so far. The acrosome structure made of two regions, a cork-screw apical one more electron-dense than the rod-like basal one, the morphology of the nucleus-mitochondrion complex, and the absence of a periaxonemal sheath (striated cylinder) are all features shared with both species of Lepidodasys studied by Guidi et al. (2004) . The presence of large and irregular vesicles in the basal region of the acrosome characterizes the sperm of both the Danish species and Lepidodasys unicarenatus (Guidi et al. 2004) .
On the contrary, the numerous, small spaces in the condensed chromatin and the long connecting piece joining the nucleus with the Xagellum are peculiar features (autapomorphies) of the species examined.
The absence of a striated cylinder in Lepidodasys is shared only by the family Turbanellidae and by the genus Xenodasys suggesting a basal position of these taxa (Guidi et al. 2004; Marotta et al. 2005) .
The similar structure of the spermatozoa of all the Lepidodasys species studied and in particular their shared autapomorphies conWrm that this genus lies far from the others currently included in the family Lepidodasyidae, and strongly support the need of a revision of the taxonomic and phylogenetic position of this family (Guidi et al. 2004; Marotta et al. 2005) .
